Ammonia nitrogen (NH 4 + -N) for removal efficiency and mass transfer coefficiency (K La ) could be investigated under different parameters by using the recovery system. And the absorbability of phosphoric acid on NH 4 + -N and reliability of prediction model for -ln (C t /C 0 ) are also evaluated. The results indicated that NH 4 + -N removal efficiency in swine wastewater (SW) significantly enhances with increase of temperature, aeration frequency and rate due to greater K La caused by decreasing dissolution of NH 3 and promoting the diffusion of NH 3 molecular. Therefore, the pH of SW can be adjusted by Lewatit M 2 attributing to its costeffective, recyclability and friendlier on water resource. Combination cost and discharge standard of NH 
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INTRODUCTION
The production of swine wastewater (SW) significantly increases due to large scale and intensive development of pig industry in China, and is considered to be one of the wastewater types exerting the greatest environmental impact, as it contains high concentration of ammonia nitrogen (NH (GB 18596-2001) . SW directly discharged into natural water or farmland, which would cause serious environmental pollution. Excessive NH 4 + -N had a harmful effect on the local ecology because it could promote more depletion of dissolved oxygen (DO), red tidal and eutrophication phenomena in water source (Ryu et al. 2010 ), Organic matter in SW could nourish a variety of microorganisms and pathogens to cause the menace of diseases，insect pests and foul air (Akeem et al. 2017 ).
Currently, NH4+-N in SW can be removed by various methods, such as nitrification and denitrification ) , absorption of biochar (Sun et al. 2017 ), membrane filtration (Tun et al. 2016 ). however, these methods have disadvantages of time consuming, high cost (expense for adjusting pH with unrecycled alkaline material), and even producing second pollution (such as higher Na+, Ca2+ in wastewater). In addition, the NH4+-N couldn't be recovered for utilization by above methods. Aeration method facilitates the transition of ammonia from nonvolatile ammonium ions (NH4+) to volatile ammonia (NH3) by forcing air to SW through an air pump, and is stripped from aqueous phase with air to achieve the ammonia nitrogen removal. Besides, the high concentration of OH-is vital to ammonia volatilization. The concentration of volatile NH3 can be calculated as following Eq.1. (Liao et al. 1994 ). Zhu et al. (2017) reported that the removal efficiency of ammonia nitrogen in Acetylene purification wastewater was about 91% at initial pH of 12 and 60℃ by air stripping. Although the results showed high removal efficiency, the concentration of sodium in wastewater significantly increased due to the adjustment of initial pH using NaOH or CaO, which would cause the second pollution of wastewater (Limol et al. 2016; Serna-Maza et al. 2015) . In addition, the cost also increased simultaneously. Ion exchange resin is a kind of macromolecular compound with organic solvent, high porosity, large surface area, and ion exchange capacity, which is insoluble in acid, alkali solution (Wilson et al. 2017 ), Lewatit M2 is an ion exchange resin based on quaternary ammonium group as the exchange group, and can exchange with the anion in solution and release OH-to adjust pH in wastewater (Vignoli et al., 2015) . The chemical equilibriums is illustrated in Eq.2. In addition, the Lewatit M2 can be easy to recycle and resuscitated by using alkaline solution of NaCl (Cao et al. 2017 ).
where Ka is acid ionization constant of ammonia; C NH3 is ammonia concentration, mg/L; M is anion of solution, n is charge number of anion.
The major aim of this study was: (1) to investigate the effect of parameters (initial pH, temperature, aeration frequency and rate, and time) on removal efficiency; (2) to optimize operational condition by using thermal aerobic removal of ammonia system (TARAS) from the view of cost-effective, efficiency, and friendlier environment; (3) to establish models between NH4+-N removal efficiency and treatment time by multiple linear regression analysis, which would be used to predict the concentration of required for NH4+-N content in SW to meet the discharged standard under given conditions.
MATERIALS AND METHODS

Characteristics of Swine Wastewater
Swine wastewater (SW) was obtained from a pig farm in Fengcheng, Jiangxi Province, China, 100 km away from the laboratory, then stored at 4℃. The separation experiment was conducted immediately after the samples were transported to the laboratory. Some parameters of SW were tabulated and shown in Table 1 . 
Experimental Method
EXPERIMENTAL SET-UP
The system of ammonia recovery by aeration method was consisted by the following main parts: aerobic tank, acid and caustic wash tank, heated exchanger device, micro nanometer aeration device, stirring bar, temperature probe, pH probe, and condensator. The tank was made of opaque stainless steel material, chemical reagents were phosphoric acid for recovery of NH 3 (Huang et al. 2016 ) and 2 mol/L NaOH solution for absorption of CO 2 and H 2 S. The installation of system was shown in Figure 1 . Figure 1 . The system of NH 3 -N recovery by air stripping using ion exchange resin.
AEROBIC TREATMENT EXPERIMENTS OF SWINE WASTEWATER
The SW was transported into the aerobic tank through inlet fromt the side of tank, and heating by the exchanger device, the volume of wastewater is 2/3 of tank capacity. The floated spheres with a variety aerobic microorganisms (lactic acid bacillus, digestive bacteria) were added into the aerobic tank, then treated by heating exchanger and micro nanometer aeration under certain conditions to improve dissolving oxygen (DO) amount and promote the growth of aerobic microorganisms, then stirred by the stirring bar to maintain consistency of wastewater. The treated SW was discharged through a meter pump in the bottom of aerobic tank. During treatment, the gases (NH3, CO2 and H2S) produced by wastewater can be absorbed by the acid and caustic tank to reduce air pollution. 
RESULT AND DISCUSSION
Effect of Initial SW pH
The NH4+-N reduction and -ln (Ct/C0) under different initial pH was presented in Figure 2 In Figure 2(b) , the mass transfer coefficient (KLa) for each level of parameters could be calculated by making a linear regression between -ln (Ct/C0) and time, the results indicated a good linear relationship (R2 ≥ 0.955). There was higher KLa value under alkaline condition than acid condition, KLa was 0.045 h-1 at initial SW pH 7.0 for 0.5 d, which was 9 times at pH 6.0. At pH 6.0, the NH3 in SW speedily translated into NH4+ to limit its release. On the contrary, abundant OH-could promote the NH3 production under the alkaline condition according to Eq.1 (Elsayed et 
Aeration Frequency
To evaluate the effect of aeration frequency on the NH4+-N removal, the experiments were performed under different aeration frequency at 45℃, 0.24 m3/(h·L) aeration rate, 620.67±27.32 mg/L ammonia concentration, initial pH 8.4±0.03. Figure 3 The influence of aeration frequency on overall volumetric mass transfer coefficient (KLa) was shown in Figure 3(b) , it was observed that KLa was significantly affected by aeration frequency, while Frequency(frequency) changed from aeration 5 min per hour into continuous aeration, KLa values were shown in Figure 3 (b) and varied from 0.0005 to 0.0049 min-1. Accordingly, taking account of cost and removal efficiency, continuous aeration was selected for the following experiments.
Effect of Treatment Temperature
The influence of temperature (40, 45, 50, 55℃) on NH4+-N removal were investigated by keeping initial NH4+-N concentration, pH, aeration frequency and rate at 593.0±10.38 mg/L, 8.06±0.01, 0.24 m3/(h·L) of continuous aeration, respectively. Results of NH4+-N removals and -ln (Ct/C0) were presented in Figure  4 (a) and (b), respectively. It can be seen that increase of SW temperature could result in the increase of ammonia removal and -ln (Ct/C0). The NH4+-N concentration decreased to 36.2±6.7 mg/L, and reduced by 93.9% after 12 h at 45℃. There was a good linear relationship between -ln (Ct/C0) and time (R2=0.973～ 0.995), the value of KLa varied in 0.0027～0.005 min-1, KLa enhanced 1.8 folds when the temperature increased from 40 to 55℃. This results could be explained that high temperature could increase the proportion of NH3, and also promote the molecular diffusion of ammonia in both liquid and gas film, and finally improve the coefficient of mass transfer (KLa). Furthermore, the increase of temperature also enhanced desorption of ammonia from water owing to decreasing dissolution of NH3 (Degermenci et al. 2012 ). 
Effect of Aeration Rate
In order to investigate the effect of aeration rate on NH4+-N removal efficiency, the aeration rate varying in 0.12-0.72 m3/(h·L) was performed under the experiment condition of 45℃, initial SW pH 8.31, 592.4±8.5 mg/L NH4+-N. The both NH4+-N reduction and -ln (Ct/C0) were presented in Figure 5(a) and (b) . The results indicated that both the NH4+-N removal efficiency and the -ln (Ct/C0) gradually enhanced with increase of aeration rate. After 12 h of aeration, the NH4+-N removal efficiency of 77.3±0.2%, 93.7±0.4%, 95.2±0.4%, and 96.8±0.3% were achieved at 0.12, 0.24, 0.48, and 0.72 m3/(h·L), respectively. The value of -ln (Ct/C0) increased from 1.48 to 3.44. There was good relative coefficients (R 2 ＝0.973～0.983) between -ln (C t /C 0 ) and t, and the K La increased from 0.0019 to 0.0084 min-1 when the aeration rate increased from 0.12 to 0.72 m 3 /(h·L). This phenomenon could be explained that a higher aeration rate could produce faster gas flow to form larger shear stress, which exerted on the surface of the water droplets to cause the breakage of water drops into fine drops and clearly reduced the gas film resistance to increase NH Phosphoric acid was selected for absorption of NH4+-N, which could form magnesium ammonium phosphate with added Mg2+ to precipitate ammonia (Escudero et al. 2015; Huang et al. 2011; Ryu et al. 2010) , and achieved recycle of NH4+-N. Both the removal efficiency and recovery ratio of NH4+-N with time increase were shown in Figure 6 . After 8 h treatment, the NH4+-N concentration of SW decreased from 591.2±1.13 mg/L to 68.9±6.65 mg/L, reduced by 88.35±1.10%, which attained to livestock wastewater discharge standard in china. The recovery ratio (%) of NH4+-N was over 85%, and slightly enhanced with absorption time increase during experiments.
Prediction Model and Validation Under Optimum Condition
In order to explore the relationship between -ln (Ct/C0) and the operating variables (pH, temperature, aeration rate, and time) within the range of experimental conditions, this study applied the multiple linear regression analysis by IBM SPSS statistic 23. The correlation model for -ln (Ct/C0) was obtained by using the above data (144 samples) in Figure 4 -6. The prediction model for -ln (C t /C 0 ) and correlative parameters were presented in Eq.4 and in table 2, respectively. As can be seen in table 2, the model has good correlation due to higher R 2 value (0.912), and-ln (C t /C 0 ) was more sensitive to change in time, aeration rate, and temperature than pH value (P=0.113≥0.05) by ANOVA. And there was slight difference between prediction and measurement value of -ln (C t /C 0 ) by Least Significant Difference (LSD). Therefore, the prediction model of -ln (C t /C 0 ) value had good reliability, and then could be used to speculate the concentration of NH 4 + -N in SW or treatment time required for NH 4 + -N content in SW to meet the discharged standard under given conditions.
-ln(C t /C 0 )=3.921+0.215t+1.780Ar+0.036Tem+0.177pH (4) Where t is treatment time (0-12 h); Ar is continuous aeration rate (0.12-0.72 m3/h·L); Tem is treatment temperature of SW (40-55℃); pH is initial pH of SW (7) (8) (9) (10) .
CONCLUSIONS
In this study, NH4+-N removal efficiency and -ln (Ct/C0) value were investigated through the system with respect to pH (>7) adjusted by Lewatit M2 , temperature, aeration frequency and rate, and time. In addition, the prediction model of -ln (Ct/C0) was established by multiple linear regression analysis. The results showed that this system was efficiency, cost-effective, and friendly environment for NH4+-N recovery from livestock wastewater.
